Background: Breast cancer is the leading malignant disease among western women with incidence increasing over time. High mammographic density is a well-established risk factor for breast cancer. We explored trends in mammographic density across birth cohorts to gain further insight into possible time trends in women's mammographic density that might explain the historical increase in breast cancer incidence. Methods: Data derived from two mammography screening programs in Denmark from 1991 to 2001, including on average 41,091 women from Copenhagen and 52,938 women from Funen aged 50-69. Mammographic density was assessed qualitatively (fatty or mixed/dense) by senior screening radiologists. The proportion of women with mixed/dense mammographic density was calculated by age at screening, screening period, and birth cohort. The Generalized Estimating Equations were used to calculate odds ratios and 95% confidence intervals. All statistical tests were two-sided. Results: The proportion of women with mixed/dense mammographic density increased from 45% among women born in the 1920s to 75-80% among women born in the 1940s. In Copenhagen, the age-adjusted odds ratio (95% CI) of mixed/dense mammographic density in women born in 1941-42 was 2.48 (2.22-2.76) compared with women born in 1921-22. In Funen, the age-adjusted odds ratio of mixed/dense mammographic density in women born in 1946-47 was 5.89 (5.32-6.51) compared with women born in 1924-25. Hormone use had a greater impact on mammographic density in birth cohorts of the 1920s compared with those of the 1940s.
Background
Breast cancer is the leading malignant disease among western women [1] . Denmark has an age-standardised breast cancer incidence of 101.1 per 100.000 [2] , with an increased trend across birth cohorts [3] [4] [5] . Age and mammographic density are important risk factors for sporadic breast cancer [6] . Mammographic density is defined as the proportion of fibroglandular relative to fatty breast tissue [7] [8] [9] . Mammographic density in more than 75% of the breast has been associated with a four-to six fold increased risk of breast cancer compared with less than 5% mammographic density [8, 10] . This association between mammographic density and risk of breast cancer has been confirmed by qualitative and quantitative measures of mammographic density [8] .
Studies have found a decrease in average mammographic density with increasing age and during menopause [6, 11] , an inverse association with parity [12] and body mass index [6, 13, 14] , and a positive association with hormone use [14] [15] [16] . Women's mammographic density might vary across birth cohorts by changes in women's exposures over time. We explored the importance of birth year on women's mammographic density to investigate the historical increase in breast cancer incidence.
Mammography screening was implemented in
Denmark in the municipality of Copenhagen in April 1991 and in the county of Funen in November 1993. The two programs offered biennial screening free of charge, representing 95,000 women aged 50-69 years [17] . Personal invitation to screening was based on the updated central population register since 1968 including information on personal identification number, historical addresses, emigration, immigration, and vital status for all persons ever residing in Denmark. Women with breast cancer diagnosis were covered by clinical mammography programs.
A two-view mammography, craniocaudal and oblique, was performed at initial screening. Independent double reading by consensus reading was performed by highly trained radiologists, who assessed mammographic density qualitatively into fatty or mixed/dense mammographic density. Fatty mammographic density were equivalent to BI-RADS (Breast Imaging Reporting and Data System (BI-RADS) Atlas, 2008) Density code 1 and part of Density code 2, and mixed/dense mammographic density equivalent to part of BI-RADS Density code 2, Density code 3, and Density code 4. Women with fatty mammographic density and a negative screening were scheduled for a one-view oblique mammography at the subsequent mammography screening. Women with mixed/dense mammographic density and a negative screening were scheduled for a two-view mammography at the subsequent screening. Subsequent mammograms were compared with those from earlier screening. The same procedure was followed throughout the study period [18, 19] . The mammography screening programs for Copenhagen and Funen complied with quality performance indicators as specified in European guidelines [18, 19] .
Data
Data were collected on women participating in any of the first five invitation rounds in Copenhagen from April 1991 to March 2001, and from Funen any of the first four invitation rounds from November 1993 to December 2001. The analysis was restricted to this period to ensure consistency in the assessment of mammographic density. In Copenhagen, all mammograms were assessed by the same senior radiologist from 1991-1998, supplemented by an added senior radiologist from the autumn of 1996, who by consensus reading assessed all mammograms for the rest of the study period [20] . In Funen, the same senior radiologist assessed all mammograms during the study period. Data contained information on personal identification number, date of examination, mammographic density (fatty or mixed/dense), and screening outcome. Both programs used analog mammography throughout the study period.
The density coding was re-evaluated using data from a Copenhagen study on long-term breast cancer risk in women with false-positive screening test [21] . In total, 118 negative screening mammograms taken prior to the false-positive screening were re-evaluated. Among 31 women with fatty mammographic density, 32% (n=10) had BI-RADS code 1, 61% (n=19) BI-RADS code 2, and 7% (n=2) BI-RADS code 3 at re-evaluation. Among 87 women with mixed/dense mammographic density, 1% (n=1) had BI-RADS code 1, 31% (n=27) BI-RADS code 2, 62% (n=54) BI-RADS code 3, and 6% (n=5) BI-RADS code 4 at re-evaluation. Manual control of 3 misclassified women revealed they were borderline cases with changed density status over time.
We analyzed data available on systemically administered estrogen and combined estrogen-progestogen associated with increased mammographic density [14] [15] [16] . Data were obtained from the Odense University Pharmacoepidemiological Database, which contained individual level information on reimbursed prescription drugs purchased in all pharmacies in the city of Odense and suburbs from October 1990, and all of Funen from the end of 1992 [22] . The completeness of the register is high and includes information on personal identification number, date of purchase, drug code, commercial name, and prescribed dose [22] . Never users were defined as women with no registered purchase of hormones prior to screening. Current users were defined as women who purchased a quantity of hormones before attending screening that would last until 14 days before screening. For Copenhagen, data on hormone use was available only for the later part of the study period and was therefore not included in the analysis.
Statistical analysis
The analysis was restricted to women aged 50-71 years for Copenhagen and 50-69 years for Funen at the time of screening. Copenhagen invited all women aged 50-69 years at the beginning of each invitation round resulting in a higher actual age at screening. Funen invited women aged 50-69 years at the time of invitation. Age, period, and birth cohort were analysed as categorical variables. Age was classified into two-year age groups (50-51, 52-53….70-71). Period was defined by the two-year invitation rounds for Copenhagen (April 1991 to April 1993,…April 1999 to April 2001) and for Funen (January 1994 to December 1995… January 2000 to December 2001) to have periods of equal length. Birth cohort was defined in the diagonals by the linear relation birth cohort = period-age for Copenhagen (1921-1922….1949-1950) and Funen (1924-1925….1948-1949) . For each screening program, we constructed a two-way table between two-year age groups and two-year invitation rounds (period). The same tables were made for never and current hormone users from Funen. For simplicity, past users were omitted from this analysis.
The probability of mixed/dense mammographic density was calculated by dividing the total number of screened women with mixed/dense mammographic density by the total number of screened women, and 95% confidence intervals (95% CI) for all probabilities were calculated using the binominal distribution. The association between mammographic density and birth cohort, screening age, and screening period was evaluated within the Generalized Estimating Equation framework. An exchangeable correlation structure was assumed. As age, period, and birth cohort are correlated, only two of these variables were included in each regression model to avoid multicollinearity. The GENMOD procedure (SAS version 9.1) was used to calculate crude and adjusted odds ratios (OR) and 95% confidence intervals (95% CI). Two-sided p-values were calculated at the <0.05 significance level.
The unique personal identification number issued to all residents of Denmark was used for the record linkage. The study was approved by the Danish Data Inspection Agency, which according to Danish legislation serves as ethical approval of register-based research.
Results
On average 41,091 women were invited to mammography screening during each of the first five screening rounds in Copenhagen (Table 1) . Coverage in Copenhagen decreased from 70% to 61% from the first to the fifth screening round. Data on mammographic density was available for 99% of the screened women. In Funen, on average 52,938 women were invited to mammography screening during each of the first four screening rounds (Table 1) . Coverage in Funen remained constant at 84% during 1993-2001. Data on mammographic density was available for 98% of the participating women.
The proportion of women with mixed/dense mammographic density decreased with increasing age in Copenhagen and Funen ( Figure 1A and 1B). This pattern was seen for never and current hormone users, although the decrease was smaller among current than never users ( Figure 1C ). In both screening programs, the pattern across age was the same in all screening periods with a higher proportion of mixed/dense mammographic density at a given age in the later compared with the earlier screening periods ( Figure 1D and 1E).The decrease in the proportion of women with mixed/dense mammographic density with increasing age was smaller among current than never hormone users ( Figure 1F ).
The proportions of women with mixed/dense mammographic density for each birth cohort in Copenhagen are found in the diagonals of Table 2 , where each stepwise diagonal chain of squares represents a birth cohort. In Table 2 The probability of mixed/dense mammographic density in this birth cohort was stable at 45% in 1991-1993, 44% in 1993-1995, 43% in 1995-1997, 46% in 1997-1999, and 48% in 1999-2001 . The probability of mixed/dense mammographic density was thus lower in the birth cohorts of 1930-1932 than in the birth cohorts of 1940-1942 at all ages. This pattern was consistent across birth cohorts among women of the same age ( Figure 1G and 1H). Figure 1G shows the proportion of women with mixed/ dense mammographic density by age and birth cohort in Copenhagen. For each birth cohort, the proportion of women with mixed/dense mammographic density was stable across age. However, the proportion of women with mixed/dense mammographic density increased from 40-45% in women born in the 1920s to 75-80% in women born in the late 1940s. Although we did not have data for all age groups from these two birth cohorts it is unlikely that the graphs would have overlapped. For nearly all birth cohorts, the proportion of women with mixed/dense mammographic density was slightly higher at the last observed point. Figure 1H shows the proportion of women with mixed/dense mammographic density by age group and birth cohort in Funen. The proportion of women with mixed/dense mammographic density was lower in the 2 nd period and higher in the 4 th period, than in the 1 st and 3 rd periods. The proportion of women with mixed/ dense mammographic density in Funen increased from 45% among women born in the late 1920s to 75-80% among women born in the late 1940s. Figure 1I and Table 3 show the proportion of women with mixed/dense mammographic density by age, birth cohort, and hormone use in Funen. The proportion of never users with mixed/dense mammographic density was similar to the proportion of all women with mixed/ dense mammographic density, increasing from 45% among women born in the late 1920s to 75-80% among women born in the late 1940s. The proportion of current users with mixed/dense mammographic density increased from around 70% for women born in the late 1920s to 80-85% for women born in the late 1940s. The difference in the proportion of women with mixed/dense mammographic density found between never and current users born in the late 1920s (45% versus 71%) had clearly decreased for those born in the late 1940s (62% versus 75%). Sensitivity analysis restricted to combined estrogen-progestogen users showed similar results (data not shown). Table 4 shows odds ratios for the association between risk of mixed/dense mammographic density and birth cohort, screening age, and screening period. In Copenhagen, the age-adjusted OR (95% CI) of mixed/dense mammographic density in women born in 1941-42 and 1949-50 was 2.48 (2.22-2.76) and 5.41 (4.22-6.94), respectively, compared with women born in the years 1921-22. In Funen, the age-adjusted OR of mixed/dense mammographic density in women born in 1946-47 was 5.89 (5.32-6.51) compared with women born in 1924-25. Mutually linear adjustments did not alter the results in the multivariate analysis (data not shown). Although age was a significant predictor of mixed/dense mammographic density, much smaller effect sizes for age were seen than for birth cohort. Sensitivity analysis in subgroups of women with mammographic density assessments conducted within the same screening period confirmed the age-and birth cohort patterns found in the overall data (data not shown), and it therefore seems unlikely that the age and birth cohort effects were explained by systematic period effects and fluctuations over time in the density assessment between screening periods.
Discussion
This study on data from two independent screening programs showed an increased risk of mixed/dense mammographic density across birth cohorts. Within a given birth cohort, the probability of having mixed/dense mammographic density remained fairly stable across age. These findings have to our knowledge not been explored in previous studies.
The Danish population is homogeneous with most women being Caucasian. Since data for this study derived from comprehensive registers recall and reporting biases were unlikely. A limitation of the study was the qualitative dichotomous measure for mammographic density available defined as mixed/dense relative to fatty mammographic One woman was aged 72 years at screening in the screening period 1993-95 in Copenhagen. 2 Women with a positive mammography screening and subsequent histopathology verified ductal carcinoma in situ (DCIS) or invasive breast cancer.
density by senior radiologists. Since qualitative measures tend to overestimate the degree of density and are less precise than quantitative measures of mammographic density [23] , subtle changes in mammographic density in the age-period-cohort modeling could potentially be masked. To ensure consistency in the density assessment, the analysis was restricted to a study period where the same radiologists by consensus reading were in charge of the density assessment. 14% and 24% of women in Copenhagen and Funen, respectively, changed mammographic density category over time within the 10-years of follow-up in our study. The 10% difference between the two programs might be explained by a known larger proportion of women in the ages of menopausal transition 50-54 years in the Funen compared to the Copenhagen mammographic screening program [24] . The proportions of women with changed mammographic density category in Copenhagen and Funen were as expected considering the 10-years follow-up period. Record linkage by the unique personal identification numbers ensured correct linkage of records. We find it unlikely that selection bias affected our results since coverage differed between the two programs with similar results. However, we did not have information available on body mass index (BMI) for the whole cohort and systematic bias could have occurred, if obese women from younger birth cohorts were more likely to abstain from mammography screening than obese women from older birth cohorts, since obesity is inversely associated with mammographic density [25] . In a subanalysis of 5134 women with available data on objectively measured BMI from the Diet, Cancer, and Health cohort study [26] , we found no systematic differences across birth cohorts among obese women abstaining from mammography screening (data not shown). The association between non-participation and women's educational level or socio-economic status was found to be U-shaped with a strong urban-rural gradient in non-participation [24, 27, 28] . The age-period-cohort modeling in Table 4 was not adjusted for reproductive or life style risk factors pertaining to women's lives, since we did not have information available for the whole cohort, wherefore residual confounding cannot be completely ruled out. The birth cohort adjusted odds of mixed/dense breasts across period remained steady in Copenhagen but increased in Funen (Table 4 ). This period effect in Funen was likely caused by a lower percentage of women with mixed/dense mammographic density in the 2 nd invitation round due to temporary film quality problems in 1996 in Funen [18] . In both programs we found elevated The second round of Funen was to some extent affected by film problems during the year 1996 which could result in some inconsistency when comparing screening round 2 with the other screening rounds.
proportions of women with mixed/dense mammographic density in the latest invitation rounds. From 2000 to 2004, two projections of the breasts were used increasingly and became standard in 2004. Since two projections encoded mixed/dense mammographic density, a concern could be if this drift seen for all ages during the last screening round could compensate for a biologically true decline in mammographic density over age. We therefore restricted the analysis to the period 1991-2001 where no systematic changes in screening practice or mammographic density assessment took place in the two programs, to reduce the probability that systematic changes in screening practice could have caused the findings attributed to the age-and birth cohort effects. Boyd et al. [11] distinguished between cross-sectional studies, where mammographic features of different women are compared, and longitudinal studies on changes in mammographic density of individual women. Though birth cohort trends in women's mammographic density have not been investigated in previous studies, the largest study on longitudinal measurements from the Breast Cancer Surveillance Consortium [29] did report a BI-RADS density distribution across age-groups consistent with the birth cohort effects found in our study. The Breast Cancer Surveillance Consortium covered 301,955 women aged 30 to 70+ years. The follow-up time was for half of the women less than three years from the first to the last mammogram. Overall, there was no change in the women's distribution by BI-RADS density codes between the first and last mammogram, though the short follow-up time should be taken into account. There was, however, a considerable difference across age groups consistent with an increase in mammographic density by year of birth. The proportion of BI-RADS density code 3 or 4 at last mammogram was 64% in women aged 30-39 years, 60% aged 40-49, 40% aged 50-59, 29% aged 60-69, and 29% in women aged 70+ years. The decrease from the age group 40-49 to 50-59 was consistent with a decrease in mammographic density related to changing menopausal status. Boyd et al. [11] found a 5% decrease in mammographic density among women premenopausal at first and postmenopausal at next mammography in a study population of 202 women, with an excess decrease in mammographic density of 3% compared with an age-matched group of women remaining premenopausal. McCormack et al. [30] found a decreased median mammographic density from 20% at first to 12% at third screening among 226 women aged 50-52 years at recruitment, and a decrease from 15% to 11% in 155 women aged 53-65 years at recruitment. Verheus et al. [31] followed 684 women average aged 46.5 years with an average follow-up of 5.5 years, who were premenopausal at initial screening and postmenopausal at final screening. Mammographic density decreased during menopause from 44% at premenopausal status to 34% at postmenopausal status. These longitudinal data from screening populations unanimously showed a moderate decrease in mammographic density related to changing menopausal status and moderate changes at later age. In the Copenhagen data, we did not see a decrease in the proportion of women with mixed/dense mammographic density around menopause from age 50-51 to age 52-53 in the four birth cohorts where data were available for these age groups ( Figure 1G ). However, based on data reported by Danish nurses [32] more than half of Danish women were expected to be postmenopausal at their first invitation to screening. Further, it is questionable whether the dichotomous variable in mixed/dense versus fatty mammographic density would be sensitive enough to detect a moderate decrease in mammographic density during menopause. In the Funen data, the trend for ages 50-51 and 52-53 was difficult to follow due to the film problems in the second invitation round. Nevertheless, our observation of fairly stable proportions of women with mixed/ dense mammographic density in the postmenopausal ages was consistent with the moderate density changes seen for postmenopausal women in other longitudinal studies.
There is a well-established positive association between hormone use and mammographic density [14] [15] [16] . We found that hormone use had a considerable impact on the proportion of women with mixed/dense mammographic density among women born in the late 1920s but less among women born in the late 1940s. This difference may be explained by a higher number of hormone related exposures in younger compared with older birth cohorts of women, among others changes in postmenopausal hormone therapy over time could have had an impact. A higher number of cohort borne breast cancer risk factors in younger compared with older birth cohorts of Danish women has previously been linked to the increasing breast cancer incidence across birth cohorts of women over time in Denmark [5] . Changes over time in native Danish women's reproductive pattern, increasing obesity, and sedentary lifestyle could be proxies for increased sex-and growth hormones levels potentially influencing changes in women's mammographic density [4, 6] .
The results of the current study must be interpreted with care and warrant future replication in larger individual level data with longer follow-up and with preferable a quantitative measure for mammographic density and adjustment for reproductive and life style covariates.
Conclusions
Data from two large independent population-based mammography screening programs showed an increased proportion of women with mixed/dense mammographic density from 45% in birth cohorts of the late 1920s to 75-80% in birth cohorts of the late 1940s. Hormone use had a greater impact on women's mammographic density in birth cohorts of the 1920s and less in birth cohorts of the 1940s. The birth cohort pattern and the attenuated impact of hormone use suggest that mammographic density in postmenopausal age might be linked to changing exposures over time accumulated in women's lives.
The results must be interpreted with care and should be replicated in future studies.
